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AIMII iI(I

IIIhy] iilcohol  (cthano])  is known to posscxs d jx~ir of closely-spiced cxci[d  torsional

substales  (xa14chc+-,  gf~uche-)  at aIl L3vxp,y  of :ll>l)loxilll:ltcl~”  5’/ K dlmvc  tl)c F,mund (Irans)

[orsiomil subs[a[e Wc rcporl  WI cxlcmdcd an:lly.sis  01’ SOIIIC ,q~///(1/(I- - ,yIIl{c/Ic-l Q branch

(AJ =-O) transitions with a tl]l’cc.-sLi(Js[:itc.  fixccl fra!m :Ixis Inc.[]~(Ki  (l’I;AM) ] ][lmi]tonian.

Our appoach  accounts for mnplcx ft(~ll~-~(llf(l)(’ illlcracliol)s for Ihc filsl t imc. 111 ddition,

WC. m able 10 obtain intcmitics  for polurlml  i (Jl:l[ion[ll transitions,  :Illd  10 dctcrmim the.

1}”(///s  10 g(/Mch(?+ SCp:ll”:ltiOIl 10 bC ] ] 85399. ] hl I ]7. A C(MII])](’[L’  :wlllld SI;IIC 1’Ot21iOllal-

torsicmal  partition function accounting, for tlK IJrciiousiy  ncf,lcctcd ,q({i{()~(’  SUIXMCS  is

prcsc.ntcd. Bad  on our analysis, a tot:Il 01’14 11- Iillcs  ol~tainc(i  towards Orion-Kl. can

DOW bc assigned to ,g(imhc  subst:i[cs  of c(II:IIIOI.  Analysis of tllrsc li]lcs yields a rotational

[cmpc.r:[turc  of 223 K and a [olal (tral~s + x{///tl)c)  Lwlu]))n dc]]sily  of 2.8x 10]5 cm-2. ‘1’hc.

colulnl~  [icmsity  is in rcasmtlblc.  af,rc.cmc.nl  \vi[l I [1 IL rLxwnt  ValLIL of: 1 x 1 ()’5 cnl-2 for

lr(~l~,v- c.thmo]  by Ohishi d al. altlmu:,ll  tlmr is sol] )C (Iispari(y ill [Ilc rotd(iontll tc]llj)c.l;lllllcs.

liigllt additional 11-lines in the Iitcmturc :Irc :lssi:l)~(l  1{) trtlt]sitiotls  01’ ,q(///(//(’-clll:il]ol.

Sul)jcc[  IIcadinss: ISM: molcxwlc.s  - li[m: i(l~]l(il’i(’:((iol]  - nKdccLIl:ir  d;tl:l - JImlccu]al

prmcsscs  - radio lines: lSM

?



1. IIlil’()(lllcliol)

●
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lithyl alcohol (Cwlanol)  has lxx]) Ol)scn’c(l  ill Scv(xll 1!’111’111  (IL’IISC illtcrste.llar  clouds.

1( was initially (lCtCCtd  in S:,1’ 112? by 7NCkC1’111:111 {’[ ill. (1975) :111(1  lil(C1’ Cic!(’C[Cd in W51M

by Millar cl :il. (1988) with a larf,c fractiol]:il  :il)(l]ld:l[u  of 10’. 1 itll;ii]t)l I]w also lWCUI

rcpo][d  IIJW:]NIS (lJio]l-Kl , by ‘1’UIIIC.I ( 1989,  I ‘)9 I ) iill(l  (tcl~ta{ivcly)  1))1 7,iurys  &

h4CGollHf,lC  ( 1991). “1’IIC 1110S1 I’CCCII[  dclcc[ic~]}  [()\i’ill”(lS  [)1’; 01)-1<1 ,, :111(1 (IIC 1110S1

c(mvincinp,l  hds bcxw ma(ic by Ohishi cl al. ( 1 ‘Y~5). ‘1’llcsr alI(lIOIs  (Ic(cclcd  four line.s of

CIII:IHOI  at](l obl[iincd a COIUIHIJ (icmsi[y  01 : I X I 015 CI11’2 :111(I  :1 I’otiltioll:ll”  tClll]JC.1’21tlll’U.  Of :=

70 K. Also cjuifc Kxcmtly, a IWF,C I~umlEI OJ” s~ll)!]]illi]]wlcr  trallsitiotl~  lIiI\c lXXII  (lc.tcctc(l

ill (IIC 1 ]Ot CO1’C. (;34.3 -i O.15, :111( I :i rotatio]l:l[  (L’1ll] X’1’iltlll’L’  of I ?5 K illl(l  ii COIIIINII dcnsi[y

of 2.() x101S cm-? dmid (N4illnr,  h4acdo11:11(l.  & 1 ld~inp, 1 995). ‘1’IIc  rcccl~t observations

suf,f,csl 11]:11 clhanol  is primari]y localimd  ill II(J[  C[)I L rep, ions \\illl  F,:IS  (Ie.]lsi[ics  of 1 (P-1 (F

CI~I-3  mId tcII~jJcI~ItlII”cs  IIC:II’ Or in cxccss Of I (N) K. AI II]ouF,I) s~’v~]ii]  ]]lc~hanis]ms  for

Iominp,  cthano] in tlm gI,as pham have bccll  ])It)pL)srd  (Millar d :11. I 988), its Iar:jc

ill)lll)(lilll(IC.  in 1]01 COI’CS  SUf,g,CSt  S :i nwjor I’OIC l’(~1”  (I LIS( cllc]llistlj  ((>ll:ll’lll  C\/ Ct :11. 1 995). 111

IIlcsc Soul’ccs,  if is 111’ob:lblC  tll:lt  CtllallOl  01’ il S[lit:ll)lc  ])1’CCIII’SOI’ is l’O1-IIIC(I 01] tllc sill’fWC.s of

dust p:tr[iclcs during, a prcvims  colder cva. OIICC s[;tr i’ort]]aliot  be:, il)s, lIIC rc~ions  warm,

CVil]lO1’ilt  ill~, tllC  Ctllilllol 01” ])1’CCIII’SOI’  (<~21S~l  I i, 1 Iil Sil~, il\Yil,  & 1 ICI’lJS[ I ‘)93).

‘1’hc rotational spcdrum of dlI:Inol is C(JI nplic:ltcd  al]d ol’[cn l)crlLIIlxxi  by intmml

rot:tlioll  (lorsimal)  motions, mpcci:]lly hy 1111 ]Ilo[iotl  01 tllc. l]y[lmxyl  (01 1) proton which

lcxis to 1/”(111,! all(i gfildlc  Sul)s(dtc.s, II) ti)(’  ~1’()[111[1 \’il~l’il[io[lal  SlillC, [Ilc’ //”(///!  SlllNl:ltC  k lIIC

Iowc.s( ill cncrfjy; rotational tr:illsitions in ti]is Slll)SlillC dtc tim ol)cs iJr~’\iollsiy  oi~scrve,(i  ill

lllc. intcrstciiw  mc.(iium.  ‘J’ilc rotational SJKx’tl”lllll  01 Ctil:l!loi  i)ilS ilu~’11  IIlc Slllljcc[  of really

prc\Jious I:iima(ory invcstifytio]]s;  sumlmrics (IIL :’, ivcn i]l l’ciIrso]I  U( :Ii. ( 1995, 1996). 111

mlr first paper oll tile ~,roun(i viixationai  sl:llc  spcctnlll) of C.tildl)oi  (1’c;lrsc)ll d ai. 1995), wc

mcmwrcxi  an(i ami ymxi a larg,c number of ]Ililli  IIlc(cr-  \\Iavc an(i SUI)I ]]il iill]clt’1-tl~:t~~c
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Ihc C.n[irc ground  s[atc prcscntd  in Illis lXIIMI.  \Vith ill[cmsi[irs /,cIILIiIlc(l  by ONI Inodc.1, wc

cat) dctcrminc  the cthano] columl) dmsity :11111  rotdlio]lal tc.InpcIi  II LItL~  in orion-]< 1,. Wc also

jmposc  assignmc.nts of cif,ht  other prcviollsly  rLsporld 11-lims [0 ,q~/(/f/rc  cthalm]  Q lmlncl)

transitions.

?. ‘1’llcory

1 Hhatm] is a prolate asymmetric I()]> (w ---0.92) wi[h t\]() ldtfc :Iltlpli[udc.  in[cmal

l~m(ions,  the tllrcc-fold  intc.rnal  ro[d[ioll 01” [I)c IIroto])s of llm nlc[t]yl :I,N)LI]).  :111(I tlm

:Isytll]l]clric  il]tc.rll:ll rotdtiol)  of tllc lIydrIJx\’1 ])1 t)[~)ll. ‘J’llc. Ilmtllyl  il]{clll:ll rt)ta[io]l  has C;3

{I,K)u]> sytnlnctry,  which rc.sul(s in A :I1lcI 1 i \Lll)s(it(~s will) A to A {III(I 11 [() I i sclcc[ion  IWIC.S.

‘J’lm tlllcc.-fol(l-sy  llllllcttic  (V~) hrricr for [Ilc ]llc[hyl  intcmal rotillioll lv:ts  dclcrnlincd  to bc

1173.7 c]l~-1  (1’carson  ct a]. 1995) and 133 I ci)~- 1 (Kak:Ir & QU:KIC 19S()) ii] the ttw}ls  atd

~amhe  substalcs  of [k p,roun(i vibratimu~l sI:Nc, rcspcdivc]y. Sillcc (Ilcsc barriers arc

I ;IIIKT  hi~,ll, Ir:tt]siti(ms  of the F,round sl:ltc  A ili)(l 1; conlponcn(s  OrCLt  I \\itll Icss 11):111  1 h4117

scpnration.  ‘1’hc A/l; split [in~s can of[cm lx It~[)l\Icd  in tlm it”(i)l,~  SLII)S(:IIC,  I)UI cm rardy  lx

rc’solvcxl  it) [k gf~uchc  subs(atc.  s. in the stll )1 I Ii I Iimclcr rc~,ionj t~]r[llyl  Ic)lsioll:il  s])li[litlgs

wc :Ilmost  nc.vcr molvcd and arc cffc.ct i\’cl~’ ;I\Icr:I~,cd  by my ] tw;is(lrrl  IICI I IS, AIIy rcso]vcd

lIlclllyl  torsional spli[lin~js  ]Iavc Imcll ilVC1’ilj2C[l  il~ this It’c.:lttllc.n(  01” c(lI:lt]ol.

‘1’hc potential for the moticm of Il}c (J] 1 pmtm  Ilas a y,lolxil IIlillil]llllll  (Ilm l}nns

\vcll) which corrc.spends 10 the hydroxy]  ]ltolt)Il  lyiny,  in Ihc (X’() ]Jl;IIIr. ‘Iwo sccol I(iaIy

l~litlilna  (tlm ~aidw wells) occur WIKU] IIIU ])I(~toIl  lies ilj~j>loxil]];ilrl)  I ?()’  I’IOIH IIIC tIzJI1.v

lnil~imul]]  (1’c.wson c[ al. 1996). liip,  urc 1 silo\\’s lhc jmtcnli:ll  l)ilSL’Cl  011 s~)lllc rcccnt work

of Su & Quadc (1 996). ‘1’hc cncrp,y  difl’cr~’llcc Iwtwccn  tk l~nllv :1)}(I ,q~/~[f//r  lllinima is duc

10 the. (Ic.pm”(lll”c from pcl”rcd tl]l’cc-fold  Syl I II I K’tl’y. ‘lIIc.  pl:mc of sj]])i]]clry col]tainit~f,  the

lm}}s mil~in~um can bc. used to dcscribc the sj]nnmlry  of Iorsion:il  \\:Ivc t’lt[lctiom with the

(;s Sylnmc.try jy’mp. %lulion  of (I1C tol”Siollill”  wave c(lllatio]l  rcsulli it] :1 s~rics of wave



functions which arc. symmetric (c) or anlisy[ i II Im{ric (o) about  the. (‘(’() j)ldnc  of symmetry

and can bc labdcd  by the number of nocics.  Sit Kc IIN hrricr is ]lju(lt~lllitl:tll[l)~  thrc.c-folcl,

cad torsion:ll s(atc is divided into three SLIIJSINICS, ‘1’IIC Iowcst Cl)cl’y,y \\’il\’c  flllmli(m,  co 01”

Itrills, has no nodes, is symmetric, :md pcH1.\ ill :lmplitudc at the 1}{~11.~  IIlinilnum. ‘1’he ncx[

(WO wave functions have. cm node :md colll]lrisc a syl~~mctric  (cl or ~~{l(~)~e+  ),

:Illtisyllllllc.tl’ic  (01 or gadc-) closely--s]xlccd pair with ampli[udc  ]x’:II<s :1[ the gadw

potc.ntial  minima. Ground stale. torsional \\:i\L functions Conl]m[cd \\i[ll Illc potential of Su

& QLtadc.  (1996) arc shown in 1 ;igurc 2. ‘1’IILsc  wave fumlions m si:’, ni (c:tn[ly less

]malizcd than those calculated from the pr($\Jic)us  potcu~tial  of K:Ik:II  & QLI:Idc  (] 980), which

contains  a slightly hifJc.1 lxirric.r.

‘11v2  sc.lc.ctio]l  mlcs dctcrmincd by Ilw Cs group a]low a- all(l (J-typL:  transitions

bctwccw sut)s[:ltc.s  of the same. symmdty  ;Ill(l c-type twnsitions  lwl\\IccII  subslalcs  d

diffcrcnl  symmetries. As a rc.sul(, a- :Ln(i 1) lypc transitions am forj]lilll)r  ;Illowcd  within

cd torsionkil  subslatc ml bctwcc.11 fr~II/LY :11 ICI gc4d1c4, while. c-tyjk’  lhlllsitiolls  am allowed

bet Wccl] ga14d14’-l and  gf114cll(’  - H1l(I II”OIILY  :11 )(1 ,q(mh’-. ‘1’hc.  Iqx)Ilc(l (Ii]x)lr  mome.ills for

cthano] arc give.n in matrix form in ‘1’d~lc I. I n the lM41/LY  SUIM:I(C,  [1 K 1)-cx)INponcn(  of the

dipole momcmt  domina(cs, while the a-coII)]x)Im)l  is quilt small. II) Il)c. ,:~l((clzc  (orsicmdl

sUbSlalCS,  (IIC 2i-COID]>O1lCllt  Of tllC dipole is 1:11’:,C :ill(l tllC lJ-COIII]X)lICI)(  S1 I)ill I. 11 SllOLll(i  bC

nolcxl  that no tra}ls a-type or galdw 11-typr tl-:msitions  have km elm]  \CLl iII the. abscncc d

large lCVCI  mixing. ‘J”IIc  lil]c  stIcI)g(hs  prc(ii~’(rd  from tllc  di]m]c  Inc)lllcll[  coln]JO1lCllts

rc.por(c(i for these s(atcs shmld  lend (0 oi)scnatim]  of tmmilions;  llolic~ct, (hc.sc

transitions ilavc not been dctc.ctcd in sprclI (lIIIdcr systems wi(il hi:’1) scllsilivity,  su~,:,cstinf,

lilal  (IIC cffc.ctivc  transition moments nmy ik’ significantly smaliu  tiI:IIl llr~viously rcporlc(i.

11 slmul(i  also bc noted (hat the dipole coIll]JIJIIctlts were dctcrmiml  ~lsin:j  aIlalyscs whicil

dici not include mmy in]por[ant intcmct i~)]ls  dmong (IK subst;itm 01’ t i I(’ :] loLl[ld  vi{>l+lti~l~~l

s[atc.  SyJlllllctI’y-:Il  lo\vc(l  Iransit im mOINCI Il\ bctwcul (IK trails :11 l(i ,q{ll((’k’  SLltXh~CS  ~1’C



.

nmna)ts am cxpcxtcd  10 lx small duc to 1 i! IIitcxl tmiOllal overlap l)C[lVCCI)  (hcsc substatc.s.

WC have prcvimsl y {iiscusscxi a sLIil:IIJlc  1 l:imi Itonian for 01 I [L)rsioll:il  Ilmtiwl iII

ethanol aIKl its il][c.riictim  with the Ovcr:Ill  rt)t at imal IHd iO1l  (1’cam)l  I L( :11. 1 996). ‘J’hc

1 lamiltmlial]  11, derived ml applied by QLl:Icic ami m twwkcrs  (QLI:tciL’  & I in 1963; Quwic

1X6, 1967; Knq~]> & <)uwic.  1968), C:LI) iw (iivi(icxi  into three tmtls:

11= }1,, -1 117,,  -111,. (1)

1 lcrc 11,( is lhc rip,i{i-bmiy  mtatimal  1 lalllilloniw] with ccnlrif’up,a]  Iiisl(lr[iOl],  117 is the

(0 an clfcclivc  1 lamil[mian which cOlll:IiH.\  (ym]tm simil:lr 10 lhml USC(I in trcatin:,

(.kwiOlis ami 1 kmi inlcraclicms Imlwuw \ii )1 :Ilimal sld[cs, ‘lhis cll”L’ct iv~  1 lmliltmiwl  }1 tO

(2)

wivx the I’j arc [k compmmts of :Illg,LIi:II  tlmmntulll  :ilmg the i)lillciixll  axes (i = a,b,c),

an(i [k spcclmsmpic  cxmstants  cmt:lill SLI I)crscrip(s  0 wilic.  h rc.fcr to t Orsional substatc..

‘1’hc. pmccxiure.  is rcfcrrc(i to as the fixed I’1:11 IIcwork :Ixis II~ctlIo(i  (1 1 ‘ANI ). It) the 1;] ‘AN4

fmnuldtim, all the 117,{ Icms cxmncd  ttvo (iiffcrcnt [Orsim:ll  subs[:l[c.s,  so that the

spcdmmpic  mns[ants h:ivc twO supc.rsurii~ts  0 ‘#G?. AH }1,< tc.rn} exists for caci]

timy arc simply parameters which (icfinc 11 I( c.nc.rf,icx  of tile x(JMdlc  s(Ilx[iIILs  with  rcspcd

10 tim  1}”(/11.$ Suh(atc.. in d(i(ii[ic)ll  tO c.xpdlitiiilg,  tim /1,( tcIH]s 10 incl~l(ic  l]i~l,imr  micr

7



cxj)andcd  (I)carsm ct al. 1996) in Ordcr 10 I ILlp accwunt fOr t k lli~,llcr  Ordcr cffcds  Of Ihc

t(nsim  and tO1siOl]-lot~ltiOI]”  inlcradims  which arc only :lj>]~loxil)l:ltc.lj”  irLdtLd  in (his

1 l:lmiltOnian fmnmlalim.

‘]’hC ~;s syml~ldl’y ~,1’()[1]~ diC[dtC.s  \\’] lid) ~)f tk }]~~{  ~cl’l~ls  ])ossc.ss 1101]- ~C]{)  df-

dia~,ml~ll matrix c.lcmmts bctwcm which sc[ Of subs[:llcs, as discussd itl OLlr earlier wd

(1’c.arsOll cl al. 1996). f lcm wc l)ricfiy dis((lss tllc inclusim of these tcrttls for /m//LV-

gauc]w il)lcraclims. ‘J’hc.ir cffcd  is 10 pr(xl(lcc  ]lc][lltl~:itic)]]s  from norl])ol  :Isymmc.[ric  top

cmrp,y IC.VC1  ]MIICIIIS,  sc.lcctim rLIlc.s, an(i illlcnsitim.  II] additi Oll tO pmscssing a

dcjxHKlcmc.  OH tmsimal  substatc., the Off-tli:lgOll:ll  mntrix clcmcmts  :11s0 dcjmd  m the

at] f,ular mmne.ntum quantum numlmrs.  ,Sitlcc the tdal an f,ular mOmcmtLllll  .I is a ~,md

q[lantunl  numbr.r,  117,{ CCMIDCCIS  Only thmc pirs Of rotational ICVCIS in diNcrcllt torsional

sulx[atcs  with the snmc Iotal  an:,ular mollluIltum J. ‘1’0 understand the. d(’]>rndcmcc of non -

xcro m:ltrix  CICIIKHIIS  on (IIC “pscwdo” qIIa IIIUm numlxrs K,, and KC, let [Is first amsidcr

c.tlmml to bc. a pmlatc symmc.tric tq~ so tll:l~ K,, is a real qu:lntum numkr. II) this limit,

llm)-~c.m  (Jff-di[ig,[)nal clcmcmts  fm the. tr(/)/Y-gam~~c intcradims  c.xist  fc)t AK,, = 0,:11, :1 ‘2.

‘1’hc. trm asymmetric tq> functions,  h(~wc\Icr,  cxmtain  n~nny  diffc.rent K,, cjuilntunl numbers

(the dcsif,natcxi  quantum numbers K,, at](i  1<( mly  refer to the most impor[:~n[  ]mlatc  atKi

d~]atc.  basis functims)  sO tilat l/”~iII,Y-g(Il~(//iJ intcractiOns  can Occur whrll K,, ch:in~,cs  by any

anmlni.  1 I’Or intcr:lc[i  Ons lmtwccm  tiw //”(///s  dmi the ~a[drc-1 subs[atcs,  1<, I IILISl  chng, c. b}~

HI) cvcm  amount  (AK, = O, II 2. in ti~c oblatc symmetric top limit) an(i for interactions

imtwc.c.]} the. /rf//l,~  ami gauche- substa[cs, K, must ci]angc,  by at) o(i(i almNIIIt  (AKU: II 1 in

(IK d~latc  sylnmdric  tql limit). lltlfolt~lll;l[cly,  these rLllcs (io not  iml(i in :111 instances,

since tk XIJIIC)W  subshtc.s [IIC Oftcn mixcxi ( I)carsm et :(1. 1996). 1 kspilr  this f,rcat

mmplcxity,  the an:ilysis Of intc.r;lctims is :Ii(ld hy (I1c ~,c.ncrdl  fact that Ilm strm@

intel actims  bc.twccm l):iirs of rdatiwai  lc.\’cls inv~lvc tim smailc.s[  ci]an~,cs  in K,, aIKi the.

nlmt clmcly sp:tccxi  cmgy levels cmnpulccl  \vitlmt  intcractims (tl]is is qu:lntificd i!] tlm
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X(JMCIIC+  spc.ctml bramks. ‘lhcw Imncl]cs  \vcrc ]xlr[ially  allalyml  in ml] prcvims  wink,

but I)OW  we have lxx])  ahlc to al):ll)m  tllcsL’ brallcllcs  to a much hi@cr 1 (]tl:llltlllll  llumbc’1’.

A cwnplctc list of spcclra] transitions almj’ wjlh a co]]]j~]cl~c.llsivc  amlysis will appear lntcr.

Wc hnvc divided tlm nc\vly an:ily7ccl  spcdral ]incs in[O twO t:[blc.s. ‘J’alJlc 2 cmtains

~fiucl?c.  - gar~cl~ci  K[l= (), 1 and Kc: .l ~(.) (Al= O, AK:I=.:l  1, AKCZO) lmmchcs alon~, with

]Jc.ltllll>;itio]~  allowed ~Q (A.1=0, Al<:,= O, Al<C:  O) trai~sitions  lKtwccI~  the S: IIHC. lC.VCIS whcm

Sccll. ‘1’able 3 cnntains  g(~dzc-  - gaI{clIc I K:i= 1, 2 and KC=. J- 1 ~Q branch  alml~j  with

]m[urlmtiml allOwcd  ‘() transitimls bc[\vcuiI  [hc same levels where sc.cm. Smm Of the

10wcr .l lines (100) in the Iablcs wcx also :Inal ymd with out prcvims  two stale analysis

(1’c[lrsoll  et :il. 1996). ‘1’hlxc two lab]cs include. the.  qllan(lllll  lNllllbC.I”S, [k mcaslll’cd

I’wqucncics,  tk mCNLIICmCIIt  ulmx(aintics,  [k observed lnil]us calculated  frcquc.xics, tk

loxal itllm of the 3(M K intc.nsitics  in units L)I’ Hm2”M11Y,  and tlm lower slate c.ncrp,ics.  in

tlm tables, tlm gauchei  state.  is demoted  by ( O and (k sauclw-  stak  by t= 1. A sisnilicant

IIUmIK>J of the.sc tmsiticms involve. hip,h]y  jx:r(urbcd  levels :IIKI arc  dcnotd ill the nolc

colunm with a :,g for a gad?{’+  ga14dIr-  ]J(l[Llll~zitioll  Or tp, fm a Itwl.$ fyillche ]Jc.l[llll):ltioll.

Ndc that al[hmg,h  the designated tg pcrllld):ltim~s  msc.t at high .1, such intcractims  am

illlpwlant  at 10wcr J as well.

‘1’0 provide a feel for lhc IIUJIY x(ill(ljc (lg) i]]lcrx.tions  involve.d in tlm tllrcc-slate

:lnalysjs,  wc have SI1OWH ft.(~{1.$-g(~l{(’11(’  lc\Ll crmsin~js I_m ~~{uchr J((), J) :ind J( 1,J ) lC.VC.IS

in 1 /ip,Llrc 3, :IM1 tIc/11.Y-gfJ/~c:l?[J  ICVC.I crmsi ])~I,s for xar/cllc J( 1,J- 1 ) and .I(2,J - 1 ) lCVCIS  ill

1 ii:,lll’c.  4. ‘J’hc. g(i[{clle  ICVC.lS  in 1 ‘i:,urc 3 :IIL’ IIN cncrg,y  Icvcls which m coIIIIccted by the

Ir:msitions  in ‘1’able 2 while the :(I14c11c levels in 1 ‘i~,urc  4 arc the levels conncctcd by the

trmsitions  listc.(i  ill ‘J’dllc.  3. ‘1’hc.  ga14c11(I  Icvc.]s,  plot[cd m a function  of .l with rcspml to

the IOWCX[ ICVCI 01 tlm four (icpiclcd, arc  slIL~\vII  as the. horimn(al  or mtrly Ilorimntal  lines.

C;tIII{:/?{’-g{41{[:110 (g~) intc.ractims,  wl~icll ]K:Ik a( J: 13 :md J= 18 m cspcciillly  noticcabk in

1 ‘i~,urc  d. ‘1’0 illustrate possible interact iol)s lvith lta/lL~ ICVC.lS, (IK cncrg,ics  01 sclcctd  tmls

levels  defined by K,, are also sI)OWD. ‘1’hcs~  cl~crgics incrcasc.  more rapidly as functions of

10



J ml cross tk ~amhe  ICVCIS;  at the crossil):’,s  intcradicms arc. noticcmblc.  cvcm if the K,,

V: IIUCS  of lIIC ~~tdw aIld Inmt! levels diffLJ I]y wi(ic. ammnts.  ‘1’hc.  (-l) and (-) slmwn :if[cr

tlm Ia[mlil]g  of [IK traIIjV Icvcls refer 10 Ihc s! INInClIy of tk inlcradinp,  g~IIMIIr  subslalc.  ‘J’hc.

strcn~,[h  01 llm intc.raciim]  lmtwccn lcvcis (I 1:11 moss in tl)c ahcmc Of tOrsim:tl - rOtaliOlml

intcractim dccrcascs  almut mm mlcr d IIl:ly,nitudc.  fm cad qumtum of Kil (iiffcrcmcc,  with

tlm AKtl=.2 intc.rmtions  being about 3 C;] lT. :Inci AK:,= 5 intc.ractims  king about 3 h41 lz.

ID ‘J’ablcs 2 an(i 3, tk strcn$,ths  01’ [1 lC lines arc (icmtc{i  by the 10p,:lritllm  Of the

intcmsit  y 1 at Icmpc.raturc. ‘l’, which is ~,ivcl  1 by tim fOmula

1/1(7’) ~ (&17 /31  K”)v,,,, ‘,$,,, (//: (’ “~~ - f“ ‘:~~ [?,,, , (3)

Wilclc. \~:,t), will,,  J(X, 11”, Ii’, an(l Q,, arc, r~>~lmclivcly,  lhc transition  frequency, lhc line

strmg[l] includin~,  the. ‘g’ (icp,cncracy  fwl[)t. [hc transition ciipolc  Componcmt :Iiong tile.

rc.lcvanl mis, the lower and upper slate cllrly,ics, an(i the rotationtil  partitio]l function.  ‘1’his

unit of intcnsit  y, bascci  on tim intcp,ral  01 II I( corrcctc(i almrptim  cms scdion over the

spcdral  line shape, is tllorou~,hl  y (icfincd i] I t k .1I’1, SLll~l]]illil]]ctcr,  hflillimc.tcr, all(i

h4icrow:lvc  Spc.ctml 1 zinc CMalog, (1’oyntcr & l’ickdt  1985;  l’ickct[  c.t al. 1996; avtlilablc

onlim  at 11[ ljJ://sj)cc..jjJll:  is:I:p, (JI~)~) ‘1’i]c intcl lsitics  in “J’ablcs 2 :md 3 :Irc bascxi on the

lrdnsilim] moments in ‘J’able 1, with al] UIIk I IOWII values dssunmi 10 be mm.

]n orcicr 10 obtain :m aoaralc  parlil  i(m funclion,  [k !MII,Y [0 ~fIIIclIc-1 Iunmling

frequency, or cmxp,y diffcrc.ncc., IIIUS[ iw i< I Ii)wn. ‘1’his paI:Inmlcr  is (iclcrn]incxi  by lIIC

location of pcr[urbalions  bctwccn tr[IIIY :IIICI ,J;aIIchr lcvc.is :Ii)(i i)y tim frc.qucllcic.s  of scvcrat

]>cllllrl];lti(  J1l-:lllOwc(l  lM}lLY 10 ~amlje t rallsil  ions. ‘1’hc bc.sl valm for Il)c cimp,y  (iiffcrcmcc

bctwcc.n  the rotafionlcss  lr(~IIs  aI~(i garIclIP substa[cs is 1185399.1 (5.0) Mi IY., or

39.54 ()6() (l-/) cll~-l.  Al[l~otlp,l~  tl]isl]tl]]]l~cl  (Ioc.snd lcl~]csc.]][:tfit~:il  v:llucsinccour

[m:~lysis  is m yd immlplc.  tc, it iscdainly  s\lfficicI]lly:  lcctll~ltc.tc  )c:llctll:itccc)  ltlIllt]

(ic.llsitics  ;ltl(il(~tatioll:il  tcllI]3cI:IlL11’cs.’J’:  Il>lLl collt:lil]s<  )ls~’:tltlcsfo  ]:ll’:llirtyof



Q,, (’I’)= ‘1’3’ 2 {3.27 + 3.34 cxp(-56.W/’l’)  -I 3.34 cx]>(-(}1.541J)}. (4)

lnlc.rcstillf,]y, nuclear spill plnys nO mlc IICI  c lxmusc [km is only mc hydroxyl  protoI),  so

[1):1[ l’auli  1 kclusim l’rinciplc cc)]]si(lct:lli(~l]s  do not pcr[ain,  as long, m ]Imtiolls  in IIIC

I cmaindcr  of lhc nmlc.culc  cmmt act ill cOI1ccr[  with tk hydrOxyl prdm tO rd utm the.

lm)lcculctOall  illclistillp,tl  isll:llJlcc  Ollfig,lll:ltioll.

[

31(W
I(W 1(1 (NJ?,,) ‘  ]Wlo -

87A),,,,  ‘,$((,,/(
(5)

so that tllc. slope (- lOR1t)(C)/Y;,,,  ) aIld illtcr([pt  logl~~(N/Q,,,  ) cont:lin the cxcit:itio]l



rcspcctivc.]  y. 1 ]crc W is the itltcgratcd 1 in( intcmsity  which, with an :MLImcd  beam

C’fkiC.llCJ~  Of ] ()()%, jS C%tilll:it(d  10 h ‘]’ A I i lms []lc VC](Kj{y  llllCWi(l(h  Av, 011(]  [h olkI”

parameters :Irc the s21mc :IS in cqua(iol) (3). I ‘i$,urc  5 is the plot, know]] as a rotation

diagram, for tk tr:msi[imls in “1’ab]c 5. ‘1’IIc clearly blct]dcd line (U97597.8)  lms been

cxclu(icd  f’rom tlm analysis. ‘1’hc 119’7530.’/  lJICIK1 has bc.c.n inc]udcd m aIJ intensity

wcighlc(i  slll]l  Oftl]c.  ttvOtl:lllsitioll  in\~Ol\(~l.

l;](~]ll[  llc12(l:lt:ljlo  i]]ts(ll sin~,lclims:lld  I ]>:lil),\  $’c(icli\’c:i  l>cs(fitlillg

rOtatiOn:il  [clll]>cl:l[lllc.Of  223(+ 66/-35  )l<,:lll(l:l  cOILlllltl  (lcllsitjl  [) f2.8(+3.9/-l  .-/)xlols

cnr2. llOth Oftllcscllllllll>clsc:itl  l]ccc)l  ll]):l[c(l\ vitlltllclccc.llt  vttlllcsofollisllict” al.

(1995), (ictcltllillc(ifl  ()111:11  l[ltl:tlj~sis() ff~JLli  10w-lj/illg litlcsO fl)f~~~,v-c  tl):itlol.  ‘J’hcsc

authors d)taincd a mtaticmal  c.xcilatioll  tctl]])c.raturc 0f70  K, which is si~, nificmtly  lmvc.r

tluuJOllrs.  llsillg tllistcllljJcl:ltlllct()(lctcltlllllctllcl:lti(J(Jflllct()t:ilt()l/(~~~LYll:llti[i()ll

fundims,  wc calcula(c thal (heir COlLIII)I)  (l~llsi[y  shmld bc multiplied by a f’ddm Of :=2 (0

d~[ait~  atOtal  coltllllll(lcllsity. ‘1’hc rcslllt  ill{’  [d:il cOILlnln  dcmsily  Of 2X 1 O’f cnl-? is in Scrod

af, rccmc. nt with Our value. Althmp,h  tl]c rt~t,l[im]:il  tc.]ll]~c.]:i[lllc  wc Obtait] is ]ld in gmd

ap, rccmcu~t  with 111:1[ Of Ohishi c1 al. (1995), 1~ is in 1x1(c1 ag, tamcnt  witl~  W) c.arlicr value. Of

'l'llt'llcl"(  1991)tvllCJ,i  f:l-tyj>C.t ltlllsiti()llsi  ll~- llCglCCIC.(l,(  lCtcl'lllillcCl:  ll`cJt:lti()llillt  clllJ3cl`:ltlll"e

of 2.16K for II”(J7?,s-c[]]:  II1o].

It is inlcrcsting  tO spcmlatc On \vllrllK3 (k 11-lines assigned here lxlOng tO the 110[

C:OIC  or tO the Ckmpact  Ridge. ‘J’llc liltlC1’  s(JIII’CC  is kllOWll  for ox~~g,ctl-cotltilitlit]g”  Organic

nmlccu]cs, d[hmgh many nmlcculcs ill tlli~  smrcc have IC)lvcl’lol:ltiollill”  tcIll]>cl:i[Lllcstll:~Il

\vc(lctcllllil]  c. f[~l~~~~i~/?{’-c.  tll~lllol. It sccllls (lc:lltl  l:lttllcli  llcsscctll~y~ )llisllict  al. (1995)

dostcm  fl~l~~tl~c~;(~ll~]>:lct  l<id~,c..  AssLl]llill~ctll:ll~ol  tolic  in cithcrthc  IIot ~krcmtl)c

~k)m]mct  Ridp,c, its fractim~al  abundance \\ ill] rcspcd to 11> ml] bc CStilllil(C(l  to bc

10” , a llllllll)clc(  ][lil~;ile.l]t  {0 th:d (lctcrtllill(d  forotlmr  SOUKXX.

“J’ah]c 6 cmntains  a sc.umd list 01”1- Iitlcs  rcporlcd  by 1 .ovas ( 1 991) \\’lIicl] may Ix

at[rilm[ablc  10 Ihc ~al~chc  c.(hmlOl  Q lmItlL’1]  lmnsitiOns  prc. scnlcd in this paper. ]n additim
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‘1’IK ]mrlim d tilis wOrk pc.rfmmcxi  :11 Ii]c .III[ l’mpulsim 1 .almrdtmy,  <h! i l’Orni:i  lnslit Lltc d

‘1’cchlmlogy, wm dcmc un(ic.r cmntract \vill]  II)C Natimal Ac.rmau[im al]d Sp:Icc

A(ilninis(ra[  ion. Wc wouici like to thani;  INA SA for their support  of IAoraiory astrophysics

at tile OlliO ,St:ilc.lllli\~c.lsity  an(i (k C)lliO ,Sl:ilc  llnivmity  ,Sll]lclcolllj>ll[cl  (:cntcrfm’  tim

awar(i Oftimc On their CYay Yh4i% cOm])LIILJr. K. V.] ..N. Smtry ti)WkS ]) ULI(SC+CI’

Aka(icmischcr  A~lslr:l~iscl](iic!]sl  (1 )AAi )) I’or financial suppml (iurin~, his st:ly in Gicsscm,

(;crmany. ‘1’ilc lalmratmy wmk in (iicsscll  ivns suppmlcxi  by the 1 ‘olscllLltlf,sp, clllcillscll:ift

dn(i lhn(is  (ic.r Oclniscimn  ln(instric.
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1 ~lGIJRl i CAP’I’IONS

lilg. 1 --- ‘J’bc pOtcntial  cmcrgy fm tmimal mdim Of tk hydrOxyl  ]mtm in c.tbaml

slmvn as a function  Of tmimal ang]c measured frmm the Ituns cc)llfigLlliltic)ll,  at which the

]mlcntial  is a minimum. ‘lIc two diffmmt  gadm WCIIS arc cquivalcmt  and lic slig,btly

Itiglm  iI~ energy tlum the trmLY WCII.

1 ‘is. ?. -- {Ialculatcd  tltlllollll:ili7c(l  wave famticms  for the lowest-l yin~ Itfilj.y (top),

~fiuche+ (middle), and g(imhc-  (bottom) torsional substtitcs.

1 ‘ig. 3--- Omsings bctwccn twO sclcctc.d  gyi14chc-t mid two sclcctc(i  gadc - rota[icmal-

torsional ICVCIS invo]vcd in tbc transitions anal yzcd bcrc  (.1((1,.1),  J( 1,J)) with assmtcd

rOt al icmal lcvc]s of tbc lt”f~ns  subst ate.. 1 ;ncrgic.s  rclat  i ve tO tbc 10wcsl  gamlw mlat im~al-

tursimal  lCVC1 (g(~r~dic-i ; J(O,J)) arc pld[c.d vs. tda] angll]ar  molncntum  quantum nuInbcI”

J, At Ihc cmssillgjs,  ]Jcl’1111’[>:lti[)lls  which ncccssitatc  mlr cLlrrcmt  tbrcc-state ana]ysis  arc al

tlmir maximum values. 1 ‘or a givcm series of rotational ICVCIS  in (I1c tra??s sLlbstatc,

illtcrac.t  ions occur  citbcr  with tbc.  g(J[4chc -1 or gfl[ich(’  - lcvc.ls; lhcsc  pmsibil it ics arc

itdicatcd  by -1 aIId - rcspcdivc]y  in lbc labc.lling of’ tbc ltrills  substa[c  sc.rics.

1 ii:,. 4--- Oossi ngs bet wcc.1~  two sclcdcd gflmhe+  and two  sdcdcd ~aiichc - rotational-

[(~rsioll:l] ICVC]S it)volvc.d ill tbc tral~sitions  anal yz,cd bcrc. (J( 1,J- 1 ), J(2,J - 1 )) with assor[d

rot at i ma] ICVC1s of tbc It-my substatc.  1 incr?,ic.s  rc.lat i vc to tbc Iowcst  gmdw rotational-

Iorsiolla] lC.VC]  of the four (gaMche+ ; J( ] ,J - ] )) al’C ]httc.d  VS.  total a])guh lllOlllClltlllll

quantum mImbcr  J. At tbc Crossings, ]lcl’1111’tl:ltic)lls  \vhicb ncmssitatc mlr curl”cnt  tbrcc-

slate. analysis arc at tbcir maxilnLlm  val Lms. 1 ‘m a given sc.ric.s Of rotational lc.vcls in tbc



tt”(ill,~ subs[a[c, intcmctims recur either with the. gadm -i m xade - ICVCIS;  these

pmsibili[ics  arc indicalcd  by +- an(i - rcspc.ctivc]y  in [IN labclling  d (1N ft”(iljs subtatc  series.

1 ~ig. 5--- l<~t:it  im (Iiagram for cthaml  in Oricm-Kl, using the nmasurcd U-linm of Ohishi

c1 al. (1988).
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‘l’All] .li 2 C~ntinued.
GA tJClll/-  - GA UCl]/A CQ ANI) ‘Q HRANCIIIN  W]’]’]] KA=() OR 1 ANI) K(:=J

= —.

Frc~c~ucmcy c)bs - ca]. c 1 CK; 1 ‘i R] ,,WC, notes
J’Kzi’KC’  t.’ J“KF1’’KC’’”.” (Mtlz) (MtIz) ( C:ln- ~ )

:(90191191190
:191191190390
2 0 0 2 0 3 2 0 3 2 0 0
2 0 3 2 0 1 2 0 0 2 0 0
210231221210
2112112!  10210
2 2 0 2 2 1 2 2 1 2 2 0
221223220220
2 3 0 2 3 1 2 3 1 2 3 0
2 3 1 2 3 1 2 3 0 2 3 0
2402412432!40
2 4 1 2 4 1 2 4 0 2 4 0
2 5 0 2 5 1 2 5 2 2 5 0
253251250250
260263261260
2 6 3 2 6 3 2 6 0 2 6 0
2“/ o 2“1 1 2“/ 1 2’I’ o
2“1 1 2“/ 1 2!’/ o 2’/ o
2 8 0 2 8 3 2 8 1 2 8 0
2![31283280280
29029129 ~290
2 9 1 2 9 1 2 9 0 2 9 0
30 0 30 1 30 3 30 0
3 0 0 3 0 1 3 0 0 3 0 0
30 1 30 1 30 1 30 0
30 3 30 1 30 0 30 0
313311310310
311311311310
3 1 0 3 1 1 3 1 0 3 3 0
3 3 0 3 1 1 3 1 1 3 1 0
3 2 2 3 2 1 3 2 0 3 2 0
3 2 0 3 2 1 3 2 0 3 2 0
32 1 32 1 32 1 32 0
3 2 0 3 2 1 3 ’ 2  1 3 2 0
33 1 33 1 33 0 33 0
33 0 33 1 33 0 33 0
33 1 33 1 33 1 33 0
33 0 33 1 33 1 33 0
34 2 34 1 34 2 34 0
3 4 0 3 4 1 3 4 0 3 4 0

96589 . ’ /  59(50)  -0.156 -4.5464  145.3958
9’/649  .502(50) 0.051 - 4 . 5 3 6 9  1 4 5 . 3 7 8 8
96814.209(50) -0.131 -4.5532 156. 3”/15
9’/574 .042(50) 0.070 -4.5461 156.3593
96993.103(50) -0.081 -4.5422 16’/ .88’/1
97535.908(50) 0.0’27 -4.5373 16”/ .8”/84
9’/139 .012(50) -0.024 -4.5526 1 “/9.9424
97525.798(50) 0.060 -4.5490 179.9362
9“/263 .587,(50) -0.048 -4.548’/ 192. 53”/0
9’/536 .849(50) 0.1~9 -4.5462 192.5326
9’/369 .331 (50) -0.014 -4.5624 205. 6’/09
9’/562 .844(50) 0.300 -4.5606 205. 66”/8
9’/463. ’/16(50) 0 .023 -4.5641  ‘ 2 1 9 . 3 4 3 9
9’/600 .390(50) 0.085 -4 .5629 219.341”/
9’/549 .692(50) 0.011 - 4 . 5 8 1 3  2 3 3 . 5 5 5 8
97645.192(50) 0.019 - 4 . 5 8 0 4  2 3 3 . 5 5 4 2
9’/631  .329 (50) 0.160 - 4 . 5 8 7 8  2 4 8 . 3 0 6 5
9“/698 .530(50) 0 . 0 5 6  - 4 . 5 8 7 2  2 4 8 . 3 0 5 4
97’/08 .888(50) 0.114 -4.60’/6 263.5958
9“/’/55 .610(50) 0.063 -4.60’/2 263.5950
9’/”/ 84.113(50) 0.233 -4.6195 2’/9 .4236
9’/815.98 ”/(50) 0.053 -4.6192 2“/9 .4231
9’/85’/.4’/ 6(50) 0.352 -4.65-/6 295. ’/898
97865.529(50) 0.165 -6.0814 295. ”/896
9“/869 .443 (50) 0.169 -6.081”/ 295. ”/898
c~’/8’/’/  .456(50) 0.056 -4.65-/5 295. ”/896
iWNL068(50) 0.021 -4.6928 312.6923
9’/940. ”/33 (50) 0.019 -5.8013 312.6943
9’/989 .809(50) 0.~98 -5.8060 312.6923
9’/932 .445(50) -0.004 -4.6892 312.6943
9802~ .302 (50) 0.146 -5.225’/ 330.1.364
98039.493(50) -0.031 -4.8335 330.1364
98006.956(50) -0.040 -4.8286 330.1369
98025 .13’/ (50) 0.022 -5.232”/ 330.1369
98091 .922 (50) 0.003 -4. ”/5”/0 348. 11’/0
9808’/ .6’/8 (50) 0.034 -5.6215 348. 11’/0
98060.630(250) 0.055 - 5.6233 348.1181
98056.249(50) 0.168 -4. ”/582 348. 318j
98163.428(250) 0.042 -4.9232 366. 63!,4
98163.428(250) 0.128 -4.9233 366.6353

34 0 34 1 34 2 34 () 98160.391
34 1 34 1 34 0 34 0 98166.466
35 1 35 3 35 0 35 0 9823”/ .509
:35 0 35 2 35 0 35 0 98235 .4’/9
35 1 35 1 35 1 35 0 98236.443
:35 0 35 1 35 1 35 0 9,s3~:34 >4(j(-J
36 0 36 j 36 1 36 () 9~-30:).~4’/

50 ) - 0.042 - 5.1’/33 366.6354 t.g
50) 0.013 -5.1 ”/33 366.6353 t.<]
50) 0.0’/5 -4.8366 385.6915 t.g
50 ) 0.022 -5.5059 385.6935 t.g
50) 0.025 -5.5059 385.6915 Lg
50) -0.004 -4.8366 385.6915 tg
50) -0.012 -4. ’/996 405. ’28!)1



‘l’Al{].1; 2 Cmfinucd
GA UC)lI!!- - GA UC]]]!’+ CQ ANI) W.j llRANC1 lIiS W1’1’l I KA=O OR 1 ANI) K(:=J= ,—

P’rec]uency ObS - cal c 1 C)<;  I ‘i R] ,,WC, licJt_eS
J’KEl’Kc’t.’ J“Ka’’Kc’’”.” (M H Z) (MFIz,  ) (cm-~)..—
:361361360360 98322.053(50) -0.028 -4. ”/996 405.2851
:3”/ o 37 g 37 1 3’/ O 98386.495(50) -0.114 -4.8136 425.4~60
:{’/ 3 3“/ 1 3“/ o 3“1 o 98388.088(50) -0.305 -4.8136 425.4160
:38 0 38 3 38 1 38 0 98464.381(50) -0.1”/5 -4.8429 446.0842
:+8 1 38 1 38 0 38 0 98465.570(50) -0.1”/7 -4.8429 446.0842 t.g
39 0 39 2 39 1 39 0 98544.249(50) -0.262 -4.8920 46”/.’2895 t.g
:~g ~ 39 -j 39 fJ :+9 o 98545.375(50) -0.29”/ -4.8920 46”/.2895
40 0 40 1 40 j 40 0 98634.200(50) -0.583 -4.9859 489.0317 Lg
~0 ~ 40 1 40 0 40 0 98638.544(50) -0.750 -4.9860 489.031”/ t.g— —
“ Sc?e  text.: in~c!nsit.y  at. 3 0 0  K .
NCYJ’E. - - }3 blend; gg gauche+  gauc:hc?-  intc?racticm; t.CJ t.TFUIS CJdLIC:h<?
int. tract.i  on . See also Figure 3.



‘1’AUI.1~ 3.
GA [JCIIE - GA UCJIE-t cQ AN] I ‘Q Ill<ANC]  11:S Wlrl’ll KA=] (N< 2 AND K(:=J-1~.—

Frecjuency o h s -  talc 1 ( 3 0 0 )  a HIC)W,(,, nc)t.es
CI’Kzl’Kc’  t.’ J“KF~’’Kc’’”.” (Mllz) (M H Z) ( CX1- 1 )
..—

2113 2 2 ~ o 22618.680(50) -0.318 -’/.3022 44.65’13
2212 21 2 0 1“/2641 .532(150)-0.300 -5.4387 42.1’/17
3 1 21 32 2 0 24288.620(50) -0.301 -6.8284 46.386”/
3 2 21 31 2 0 1’/1023 .183(150)-0.491 -5.2228 43.9554
41 31 4 2 3 0 26501 .’/80 (50) -0.2’/5 -6. ”/6’/7 48.6916
42 3141 3 0 168882.814 -5.0666 46.332j
5 1 41 5 2 4 0 29255.850(50) -0. ~87 -6.4g 6’/ 51 .5706
5241 51 4 0 166235 .8’/3 (50) 0.073 -4.9928 49.3005
6153 6 2 5 0 325’/ 0.910(50) -0.136 -6.4176 55.0234
625162 5 0 16310 ”/.033 -4.9039 ii .8589
‘/161 7 2 6 0 36566 .~90 (50) -0.082 -6.0”/16 59.0378
“/261 ‘1 1 6 0 159531.132 -4.8662 5“/.0048
81 ‘/382 7 0 41903.357(50) -0.013 -6.4575 63.5950
82 ‘/181 7 0 155556.341 -4.8091 61 .7354
9183 $)~~o 43196.394(50) -0.085 -5.9950 68.8693
928393 8 0 153249.64’/ -4.”/868 67.0470

10 1 91102 9 0 483”/8.2’/6(50) -0.090 -5.7139 “/4.5923
10 2 9 1 10 fl 9 0 246’/06.”/63 -4.”158”1 72.934”/
11 1 10 1 11 2 20 0 53529.699(50) -0.008 -5.5767 80.890~
11 2 10 1 11 1 10 0 14’2083.013 (50) 0.617 -4.”/417 ‘/9.3916
12 1 31 1 322 12 0 5873”/.6’/8(50) 0.IJ9 -5.4558 87.7546
12 2 11 1 12 1 11 0 13’/’/49.0”/6(50) 0.927 -4.8002 86.4034
33 1 12 1 332 12 0 63952.368(50) -0.053 -5.3216 95.3823
13 2 12, 1 13 1 12 0 126566.57’/(50) -0.034 -5.0965 iil .2062
14 3 33 1 34 2 13 0 69108.218(50) -0.090 -5.2504 303.g’/o5
14 2 13 j 34 1 13 0 1252-/9.125(50) -0.044 -4.6414 ~02.2398
~5 1 14 1 15 2 34 0 ‘/4188.188(50) -0.130 -5.1114 112.”/166
15 2 14 1 15 1 14 0 121496.294(50) 0.231 -4.”/000 1!0.9154
16 2 15 1 35 2 15 0 ‘/9364 .”/-/3 -5.15’/6 120.8184
26 2 15 3 16 1 15 0 3~’/”/lO.2l8(5O) 0.319 -4.64’/1 120.g491
1’/ 1 16 1 1“/ 2 36 0 85439.515(50) -0.153 -5.0884 130.4”/38
17 2 16 2 1“/ 1 16 0 114436.488(50) 0.32’1 -4.”/009 129.9256
18 I gr/ 1 18 2 1’/ O 80605.1?’) -4.9489 140.6806
18 2 1’/ 1 38 1 1“/ O M2894.lki(50) 0.038 -4.896”7 140.2393
j:) g g~ q ~~ ‘2 18 Q 84983.”/89(50) -0.193 -4.9370 151.4369
19 2 18 1 19 1 18 0 106931.232(50) 0.436 -4.7099 251.0869
20 1 39 1 20 2 19 0 88039.2’/6(50) -0.294 -4.”/954 162.7410
20 2 19 1 20 1 19 0 ~05225.485(50) 0.424 -4.6364 ~62.46”/O
21 3 20 1 ’21 220 0 c~0354.336(50) -0.404 -4.8~19 1’/4.5912
21 2 20 1 ?,1 1 20 0 liH3608.598(50) 0.358 -4.6824 1“74.3”/93
22 3 21 1 2?.2 21 0 c~2156.495 (50) -0.428 -4.-/420 186.9862
’22 2 21 J 22 1 21 0 &282.795(50) 0.31”/ -4.6499 286.8239
?.3 3 22 1 23 222 0 93568.906(50) -0.473 -4.”/615 199.9?,47
23 2 22 1 23 1 22 0 101243.633(50) 0.255 -4.6889 399.8015



,-

,-

.



‘I’Al]] .}; 3 Con/ill14ed.

(;A tJClllL - GA UCIIJ;+  Q ANI I ‘Q IIRANCI I IN W]’]’}] KA= 1 OR 2 ANI) K(:=J- 1

11’rec]uc:rlcy c)bs - Ctl] c 1 ( 300 ) ‘~ II;l C,W,C,
:l’KZ1’KC’L’  uJ’’Ka’’Ki_”  i_”

no~es
(MtIz) (MIIz) ( cxn- ~ )..— ‘

39 3 38 1. 39 2 38 0 9922’/ .093(50) -0.133 -4 .9939 480.3330
39 ~ 38 1 39 g 3 8  0  9 9 2 4 2 . 0 4 5 ( 5 0 )  - 0 . 0 9 3  - 6 . 8 0 ” / 6  4 8 0 . 3 3 2 5
39 2 38 1 39 2 38 0 99252.987(50) -0.204 -6.80”/~  4 8 0 . 3 3 3 0
39 2 38 1 39 2 38 0 9926’/.951 (50) -0.25’2  - 4 . 9 9 3 4  4 8 0 . 3 3 2 5
40 1 39 1 40 2 3 9  0  9 9 3 2 8 . 8 3 7 ( 5 0 )  - 0 . ’ 2 0 6  -5.0j24 5 0 ’ 2 . 4 2 9 2
40 2 39 1 40 ~ 39 0  9 9 3 5 9 . 0 3 3 ( 5 0 )  - 0 . 3 8 3  -5.0221  5 0 2 . 4 2 8 9- ——



.

.

4 . 3
4.3
3.9
3.9
2.5
.2.!2
2 . 7
2.9
2 . 8
2.5
3.2
2 . 7-,.—.-. ?—.<

soTEs--- b!= bIend:ex=  excIuded  from analysis

-1

—
,—
—
.—
.
1

-1 -–, _ _, c :7 .
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‘1 ‘Al<] IF: 6.

AI)I)I ‘1’1  [INA1 , I’ROPOSELI  ASS1.GNMRN1’S

=— —
U-line J’Ka’K~’  (. ’L’J’]<~l’’~~:”~” Rest Freq. l’~/1”~ Ref . Sc)urce

(MHz) (MHz) (K). .— . . — .

[J786LI0 5051 !1 1 5 0 7863”/ .457 0.05 1 Orj cm- KI,
lJ90355 ’21 1 20 1 2,:1 2 20 0 90354.336 0.08 1 Orj on-KI,
[J9’/263 23 0 23 1 2:3 ~230 9 7 2 6 3 . 5 4 0  0.01 1 Orj on- KI J
lJ98230.2 16 1 16 g 1( 0360 98’230.3!3  0 . 0 2  2 Orjon-Kl,
(J~~~/j~ 2’/ 2 26 1 2’ 1260 99-j43.’/~5  O.go -j Orj on- KI,
lJ100453 24 2 23 1 ?4 3 23 0  3 0 0 4 5 2 . 0 7 2  0 . 0 $ 3  1 Sgr li2
u~ 02490 11 1 ~~ ~ 2:1 0  23 0 1 0 . 2 4 8 9 . 3 8 6  0 . 0 3  3 Orj on- K],
u~ 03796 30 1 30 3 10 0 10 0  1 0 3 7 9 6 . 9 5 0  0 . 0 2  1..— Orjon-K1,

lUlli13Rl{NCliS---  (1) ’1 ’t~\l~c]l( j89;(2)Kt ltt]clctal.1980


